In a cell-free system prepared by lysis of protoplasts of Cephalosporium acremonium mutant M-0198, isopenicillin N was converted into a penicillinase-resistant material that behaved like deacetoxycephalosporin C on high-pressure-liquid-chromatography analysis. This activity was found to be unstable to storage at -80°C; 70-80% of the activity was lost after 1 day.
In a cell-free system prepared by lysis of protoplasts from Cephalosporium acremonium mutant M-0198, both 3H and 14C radiolabels were incorporated from singly and doubly labelled penicillin N (la) into deacetoxycephalosporin C (2a) (Baldwin et al., 1980b) . Deacetoxycephalosporin C was also the product of the cell-free reaction conducted in the presence of ferrous ions and ascorbic acid. Recently O'Suliivan et al. (1979) and Konomi et al. (1979) have independently shown that 5-(L-a-aminoadipyl)-L-cysteinyl-D-valine (3) was converted into isopenicillin N in the cell-free extract of C. acremonium. These results favour the linear over the branched pathway off,-lactam antibiotic biosynthesis (Scheme 1), the remaining missing link being the demonstration of a conversion in vivo of isopenicillin N (lb) into penicillin N (la). We report here the direct conversion of isopenicillin N (lb) into deacetoxycephalosporin C (2a) by the cell-free extract prepared by lysis of protoplasts from C. acremonium mutant M-0198. Drew & Demain (1975) . The slightly modified growth conditions were used as described by Sawada et al. (1979) and the growth of the culture was followed by measuring the absorbance of the culture at 550nm with a model SP6-550 Pye-Unicam spectrophotometer.
Preparation oflytic enzyme extract Mycelia were harvested at five different points after the start of stationary growth phase, as determined by absorbance measurements. The contents of these flasks were pooled and the cell-free system was prepared from each batch as described by Hook et al. (1979) . Incubation ofisopenicillin N with the enzyme system To 1 ml of cell-free extract in a 10ml Erlenmeyer flask was added 17.5 nmol of isopenicillin N, 0.5,umol of ATP, 50nmol of FeSO4,7H20 and 800 nmol of ascorbic acid. The final pH of the cell-free system was adjusted to 7.2. The mixture (1.2 ml total volume) was incubated for 3 h at 250C on a shaker at 250rev./min. E. coli Ess 22-31 was used as assay organism. Bioactivity was assayed by the hole-plate method (Smith et al., 1967) Fig. 1 . After storage for 1 day at -800C, the cell-free extracts obtained from 50h and 54h mycelia showed cephalosporin activities of 0.52 and 0.40,ug/ml respectively, whereas the cell-free extracts obtained from 57h and 60h mycelia showed no cephalosporin activity (less than 0. 16,pg/ml).
The three cephalosporins were well separated on h.p.l.c. as described by Baldwin et al. (1980b) . The h.p.l.c. profile of the product obtained by feeding isopenicillin N had a peak in the deacetoxycephalosporin C region. This peak was enhanced when the incubation mixture was augmented either with the 
Discussion
In a cell-free system prepared by lysis of protoplasts of C. acremonium mutant M-0198, isopenicillin N was converted into a penicillinaseresistant substance. This substance had a peak in the deacetoxycephalosporin C elution region on h.p.l.c. that was co-eluted with the product obtained by feeding penicillin N to the cell-free system of C. acremonium mutant M-0198 and also with authentic deacetoxycephalosporin C. The isopenicillin N to deacetoxycephalosporin C activity was found to be unstable to storage at -800C. Since the enzyme or enzymes that convert penicillin N into deacetoxycephalosporin C are rather stable to storage (-200C) for 10 days (Yoshida et al., 1978) , we propose that an unstable epimerase is present in the cell-free system of C. acremonium mutant M-0198 that converts isopenicillin N into penicillin N. This above-mentioned conversion has recently been demonstrated by Abraham et al. (1980) .
